has been suggested that about two-thirds of hyperho mocysteinema cases are due to inadequate blood levels of one or more of these vitamin cofactors (8) . Although interest in homocysteine metabolism is growing in Korea, there are relatively few studies of plasma tHcy levels in normal subjects. Moreover, not much informa tion is available about plasma levels of the vitamins re lated to homocysteine metabolism in Korean adults. Some differences in plasma tHcy levels may exist among races and ethnic groups (10, 11) . Thus in this study we investigated plasma tHcy con centrations and the status of folate and vitamin B12 sta tus in Korean adults and assessed the differences by age and sex. We also analyzed the correlation between plasma tHcy levels and vitamin B12, as well as folate sta tus.
MATERIALS AND METHODS
Subjects. A total of 195 adults (male: 99, female; 96; 23-72y old) who approved the purpose of this study participated in it. They did not knowingly have any diseases and were receiving no medical treatments. Differences in plasma tHcy, folate, and vitamin B12 levels by sex and age The plasma levels of tHcy, folate, and vitamin B12 by sex and age are shown in Table 3 . The mean of plasma tHcy levels were significantly higher in male subjects than in female subjects (p<0.001). Plasma tHcy values did not differ among the various age categories in males, however, those of females tended to be higher as age increased. In age categories below 50, the females had significantly higher tHcy levels (from p<0.05 to p<0.01), but sex differences disappeared in subjects over 50. Female subjects had significantly higher means of both plasma folate and vitamin B12 concentra tions than male subjects did (p<0.01). In the corre Table  4 . The incidence of hyperhomocysteine mia showed a sex difference (p<0.02); 10 of 99males (10.1%) and 2 of 96 females (2.1%) had hyperhomo cysteinemia. A plasma folate deficiency (<3.0ng/mL) was found in 6.1% of males and in 2.1% of females; however, 44.4% of males and 34.4% of females had a borderline deficiency (3.0-5.9ng/mL). However, a sex difference was not found in plasma folate status. Only 2 of male subjects (2.0%) and one of females (1.0%) had a deficiency (<150pg/mL) of plasma vitamin B12, and The correlation between the levels of plasma tHcy and the concentrations of folate and vitamin B12 are shown in Fig. 2 . Plasma tHcy levels had a significant negative correlation with plasma folate concentrations both in males (r=-0.3117, p<0.001) and in females (r=-0.2217, p<0.05). On the other hand, a negative relationship (r=-0.2771, p<0.05) was found between plasma tHcy levels and plasma vitamin B12 concentra tions only in males, but it was not evident in females. The relationship between tHcy and folate (R2=0.088, p<0.001) was stronger than that between tHcy and vi tamin B12 (R2=0.034, p<0.01).
DISCUSSION
This study was conducted to describe the distribution of plasma tHcy, folate and vitamin B12 concentrations in Korean adults and to assess relationships among them. Our results showed that the plasma tHcy levels, espe cially in male subjects, were widely distributed and showed a skewed shape, with a long tail toward higher values, as found in Western subjects (16, 17) . We as sumed that the prevalence of hyperhomocysteinemia in Korea might be lower than in the West because several reports have shown racial and ethnic differences in plasma tHcy levels (10, 11). The diets of Koreans were quite likely to be centered around more grains and veg etables and less fat than the diets of Westerners. Our as It has been well established that plasma tHcy levels are influenced by the status of folate and vitamin B12 in circulation required in homocysteine metabolism as co substrate and coenzyme. Thus, deficiencies in folate and/or vitamin B12 may result in hyperhomocysteine mia (8, 9, (37) (38) (39) . It has been suggested that about two-thirds of hyperhomocysteinema cases are due to in adequate blood levels of one or more of these vitamin cofactors (8) . In our results, male subjects had lower plasma levels of folate as well as vitamin B12 than fe male subjects did. Chambers et al. (10) evaluated the reason for the differences in plasma tHcy levels between Europeans and Asians by comparing the concentra tions of plasma vitamin B12 and folate. Our results, which showed that plasma tHcy levels were negatively correlated with both plasma folate (r=-0.37249, p<0.001) and vitamin B12 (r=-0.22560, p<0.01), confirmed previous reports (8, 40) . Thus, lower levels of plasma folate and vitamin B12 in male subjects may also contribute to the sex difference in plasma tHcy. The negative relationship of plasma tHcy to plasma folate was stronger than that to vitamin B12 in our study. It can be explained biochemically because folate acts as a limiting factor for homocysteine metabolism (38, 41) . Folate, functioning as a donor of methyl group in the remethylation reaction, is used up quantitatively. Vitamin B12, however, serves as a coenzyme and thus is not used up during the reaction in which it is involved. Vitamin B12 does not seem to play a key role and is usu ally present in sufficient amounts because of large stores in the body (41) .
Although the inverse correlation between plasma levels of tHcy and folate was significant for male and fe male subjects alike, it tended to be stronger in males (r=-0.3117, p<0.001) than in females (r=-0.2217, p<0.05). The correlation between plasma concentra tions of tHcy and vitamin B12 was negatively significant only for male subjects (r=-0.2771, p<0.05). This re sult suggests that folate status is more critical than vita min B12 for maintaining normal plasma tHcy levels. It also implies that the nutritional status of folate may be more important in males than females in relation to ho mocysteine metabolism.
In conclusion, we showed that the plasma tHcy levels of Korean adults are similar to those of Western popula tions. There is a marked sex difference in plasma tHcy, folate, and vitamin B12 concentrations; the males had higher plasma levels of tHcy but lower folate and vita min B12 than the females did, however, it is not appar ent in subjects over 50. Plasma tHcy levels had a signifi cant inverse correlation with both plasma folate and vi tamin B12 concentrations. These findings should sup port dietary recommendations to improve folate and vi tamin B12 status to reduce tHcy levels, especially for males.
